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7KHILUVWSDUWUHSRUWVWKHPRWLYDWLRQVDQGJRDOVRIWKLVSDSHUIROORZHGE\DEULHIOLWHUDWXUHUHYLHZRQZRUNFDUULHGRXWLQWKH
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,QWURGXFWLRQ
,QUHFHQW\HDUVWUDQVSRUWDWLRQVSHFLDOLVWVDQGXUEDQSODQQHUVKDYHEHHQSURPRWLQJELF\FOLQJDVDQHIIHFWLYHDQG
VXVWDLQDEOHPRGHRIWUDQVSRUWDWLRQ7KLVUHQHZHGLQWHUHVWLQF\FOLQJKDVFUHDWHGDTXLFNLQFUHDVHLQWKHGHPDQGIRU
VDIHDQGHIILFLHQWF\FOHLQIUDVWUXFWXUH+RZHYHUWUDQVSRUWDWLRQSODQQHUVPXVWSUHGLFWZKHUHF\FOLQJLQIUDVWUXFWXUHLV
QHHGHGDQGZKDWW\SHRIIDFLOLW\ZLOOEHVWVHUYHWKHF\FOLQJFRPPXQLW\
&RQYHQWLRQDONQRZOHGJHDERXWURXWHFKRLFHLVQRWVXIILFLHQWWRGHDOZLWKWKLVSUREOHPEHFDXVHWKHFKDUDFWHULVWLFV
RIWKHELF\FOHDUHYHU\GLIIHUHQWIURPWKHFKDUDFWHULVWLFVRIDPRWRUYHKLFOH&\FOLVWV¶URXWHFKRLFHGRHVQRWGHSHQG
VROHO\RQPLQLPL]LQJWUDYHOGLVWDQFH&\FOLVWVPD\FKRRVHSDWKVWKDWDUHORQJHUIRUDYDULHW\RIUHDVRQVLQFOXGLQJ
PLQLPL]LQJ HOHYDWLRQ FKDQJHV DYRLGLQJ RQURDG VHJPHQWV RQ ZKLFK DXWR YROXPHV RU VSHHGV PDNH F\FOLQJ
XQFRPIRUWDEOHRUUHGXFLQJWKHQXPEHURIFRQWUROOHGLQWHUVHFWLRQVDWZKLFKF\FOLVWVPXVWVWRS
,QWKLVVWXG\*OREDO3RVLWLRQLQJ6\VWHPV*36DUHXVHGWRDVVHVVWKHWUDYHOFKDUDFWHULVWLFVRIELF\FOHFRPPXWHUV
DQG JDLQPRUH GHWDLOHG LQVLJKWV LQWR WKHLU EHKDYLRU DQG WKH DQDO\VLV RI URXWHV XVHG E\ F\FOLVWV LV GHYHORSHG LQ D
*HRJUDSKLF,QIRUPDWLRQ6\VWHP±*,6
7KHIRFXVRIWKLVUHVHDUFKLVWKHXWLOLWDULDQFRPPXWHUWULSFRQVLGHULQJWKDWWKHIDFWRUVWKDWLQIOXHQFHWKHFKRLFH
RIURXWHVIRUXWLOLWDULDQWULSVDUHGLIIHUHQWIURPWKRVHWKDWLQIOXHQFHF\FOLQJIRUUHFUHDWLRQRUVSRUW)RUWKHODWWHUWKH
HIIRUWDQGWKHGLIILFXOWLHVRIWKHURXWHPD\HYHQEHDWWUDFWLYH
7KHFRQFOXVLRQVRIWKLVUHVHDUFKZLOOKHOSWUDQVSRUWDWLRQSODQQHUVLQGHWHUPLQLQJWKHSODFHPHQWDQGGHVLJQRIQHZ
ELF\FOLQJ LQIUDVWUXFWXUH 2EVHUYLQJ WKH WUDYHO EHKDYLRU RI F\FOLVWV ZLOO JLYH WKHP D JUHDWHU XQGHUVWDQGLQJ RI WKH
SUHIHUHQFHVRIF\FOLVWVIRULQIUDVWUXFWXUHW\SHVDQGGHGLFDWHGELF\FOHLPSURYHPHQWV
8VLQJ*36VWRFROOHFWLQIRUPDWLRQDERXWURXWHVXVHGE\F\FOLVWV
6HYHUDO UHVHDUFKHV UHSRUWHG LQ WKH OLWHUDWXUH KDYH FROOHFWHG LQIRUPDWLRQ DERXW WKH URXWHV XVHG E\ F\FOLVWV
$XOWPDQ+DOO  (O*HQHLG\  6WLQVRQ DQG %KDW 3DSLQVNL  0HQJKLQL HW DO 7KHVH
VWXGLHVXVXDOO\FRPSDUHWKHURXWHFKRVHQE\WKHULGHUZLWKWKHVKRUWHVWSDWKDQGWU\ WR LGHQWLI\ WKH UHDVRQV IRU WKH
F\FOLVWWRPDNHVXFKFKRLFH
,QWKHILUVWVWXGLHVLQZKLFKWKLVVWUDWHJ\ZDVXVHGWKHF\FOLVWVZHUHUHTXHVWHGWRGUDZRQDPDSWKHURXWHVWKH\
XVHGPRUH IUHTXHQWO\ $XOWPDQ+DOO+\RGRHWDO+RZDUGDQG%XUQV 7KHVHVWXGLHVUHYHDOHG
WKDWPRVWSHRSOHFDQRQO\SURYLGHLQDFFXUDWHGDWDDERXWWKHLUURXWHVDQGWKHGXUDWLRQRIWKHLUWULSV
+RZHYHUZLWK WKHDYDLODELOLW\RIDXWRPDWHGHTXLSPHQW WRUHFRUGWKHSDWKVWDNHQ*OREDO3RVLWLRQLQJ6\VWHPV
*36V FROOHFWLQJ GDWD DERXW F\FOLVWV URXWHV LV EHFRPLQJ LQFUHDVLQJO\ HDVLHU DQG DFFXUDWH 6WRSKHU HW DO 
*36VZKHQXVHGZLWKD*HRJUDSKLF,QIRUPDWLRQ6\VWHP*,6RIIHUWKHSRVVLELOLW\WRDFTXLUHSUHFLVHGDWDRQWKH
URXWHVWDNHQDQGWKHVSHHGVRIF\FOLVWV
,QWKHUHVHDUFKUHSRUWHGE\+DUYH\HWDO*36VDQGD*,6ZHUHXVHGLQFRQMXQFWLRQWRFROOHFWDQGDQDO\]H
GDWDDERXWF\FOLVWVURXWHV7KHVHURXWHVZHUHVXEVHTXHQWO\FRPSDUHGZLWKWKHVKRUWHVWSDWKVEHWZHHQWKHRULJLQDQG
GHVWLQDWLRQ RI WKH F\FOLVW 7KH DQDO\VLV UHVXOWV VXJJHVW WKDW DV F\FOLVWV EHFRPHPRUH FRPIRUWDEOH ULGLQJ LQ KHDY\
WUDIILF FRQGLWLRQV WKH\DUH OHVV OLNHO\ WR WUDYHO DGGLWLRQDO GLVWDQFHEH\RQG WKH VKRUWHVW QHWZRUNSDWK  ,WZDV DOVR
IRXQGWKDWPDQ\ELF\FOHXVHUVKDYHQRUHDOSHUFHSWLRQDERXWWKHGLVWDQFHWKH\WUDYHOEHFDXVHWKHGDWDFROOHFWHGZLWK
*36DQGWKHVHOIUHSRUWHGGLVWDQFHVZHUHVLJQLILFDQWO\GLVFUHSDQW
+RRG HW DO  FROOHFWHG GDWD DERXW WKH F\FOLVWVWULSV XVLQJ DSSOLFDWLRQV LQVWDOOHG LQPRELOH SKRQHV ZKLFK
UHFRUGHG GDWD RQ WKH OHQJWK DQG VSHHG RI WUDYHO DQG DOVR SHUPLWWHG XVHUV UHJLVWHU WKH WUDYHOPRWLYH  2QH RI WKH
ILQGLQJVRIWKHVWXG\ZDVWKDWF\FOLVWVSUHIHUURXWHVZLWKF\FOLQJLQIUDVWUXFWXUHHVSHFLDOO\WKRVHZKRGRQRWXVHWKH
ELNHYHU\RIWHQDQGWKDWIHPDOHF\FOLVWVSUHIHUUHGSDWKVZLWKJHQWOHVORSHV
$UHSRUWE\+XGVRQHWDOVXPPDUL]HVWKHPDQ\SURFHVVHVHPSOR\HGLQDVWXG\WRHYDOXDWHWKHDSSOLFDWLRQ
RIVPDUWSKRQHVIRUJDWKHULQJELNHURXWHFKRLFHGDWDGHVFULELQJLQGHWDLODOOWKHVWHSVRIWKHVXUYH\IURPPDUNHWLQJWR
GDWDDQDO\VLV
$VXUYH\FRQGXFWHGLQ2QWDULR&DQDGDE\&DVHOORHWDOHPSOR\HGORZFRVW*36VXQLWVWRFROOHFW
RULJLQVGHVWLQDWLRQVSDWKVDQGWLPHVIRUF\FOHWULSV)URPWKHGDWDWKHUHVHDUFKHUVSURGXFHGUHODWLRQVKLSVEHWZHHQ
ODQGXVHGHQVLW\DWWKHRULJLQDQGGHVWLQDWLRQDQGWKHQXPEHURIF\FOLQJWULSVJHQHUDWHGDQGDWWUDFWHG
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0HQJKLQL HW DO  XVHG DQ H[LVWLQJ*36 UHFRUG RI URXWHV XVHG E\ F\FOLVWV ZKLFK KDG EHHQ FROOHFWHG IRU
DQRWKHUUHVHDUFKDQGXVHGDPXOWLQRPLDOORJLWPRGHOWRPRGHOWKHFKRLFHRIWKHURXWH'LOODQG*OLHEHXVHG
*36VWRFROOHFWF\FOLVWVWUDFNVIRUDSHULRGRIGD\VDQGWKHGDWDZDVGRZQORDGHGDQGFRQYHUWHGWRURXWHVXVLQJD
*,67KLVVWXG\IRXQGWKDWF\FOLVWVWROHUDWHRQO\VKRUWGHWRXUVIURPWKHPLQLPXPGLVWDQFHSDWK+RZHYHUWKHVHWRI
DGGLWLRQDOYDULDEOHVDQDO\]HGQXPEHURIWUDIILFOLJKWVWHUUDLQJUDGLHQWDQGXWLOL]DWLRQRIELF\FOHIDFLOLWLHVZDVVPDOO
7R EHWWHU XQGHUVWDQG ELF\FOLVWV¶ SUHIHUHQFHV IRU IDFLOLW\ W\SHV*36 XQLWVZHUH XVHG E\%URDFK HW DO  WR
REVHUYH WKHEHKDYLRU RI FRPPXWHU F\FOLVWV LQ3RUWODQG2UHJRQ86$ 7KH DXWKRUV XVHG WKHVH GDWD WR HVWLPDWH D
ELF\FOHURXWHFKRLFHPRGHO
$OO WKHVH UHVHDUFKHV VKRZ WKDW *36 WHFKQRORJ\ LV DQ HIIHFWLYH ZD\ RI FROOHFWLQJ UHDOWLPH GDWD IURP ELF\FOH
FRPPXWHUV 7KHXVHRI*36GDWD KDV WKHSRWHQWLDO WR HOLPLQDWHXVHU ELDV HUURUV DQGHUURUV LQGXFHG WKURXJK VHOI
UHSRUWHGGDWD
0HWKRG
'DWDIRUWKLVUHVHDUFKZDVFROOHFWHGLQ6mR&DUORV±63D%UD]LOLDQPHGLXPVL]HGFLW\ZLWKDURXQGWKRXVDQG
LQKDELWDQWVXVLQJWKH*36*DUPLQ(GJH7KHVDPSOH LQFOXGHGF\FOLVWVEXWRQHRI WKHVXUYH\SDUWLFLSDQWV
IROGHGGXULQJGDWDFROOHFWLRQVRXVHGLQIRUPDWLRQIURPUHJXODUF\FOLVWVZKRUHSRUWHGULGLQJPRUHWKDQGD\SHU
ZHHN\HDUURXQG7KH\ZHUHDVNHGWRFOLSWKHGHYLFHWRWKHLUELF\FOHVRQDOOWKHWULSVWKH\WRRNIRUZRUNRUVFKRRO
7KH*36VZHUHSURJUDPPHG WRFROOHFWGDWDDVIUHTXHQWO\DVSRVVLEOH $OOULGHUVNHSWWKHHTXLSPHQWDQGUHFRUGHG
GDWDIRUDSHULRGRIDWOHDVWRQHZHHN
(DFK SDUWLFLSDQW DOVR FRPSOHWHG D VXUYH\ ZLWK TXHVWLRQV DERXW GHPRJUDSKLFV DQG WKH LPSRUWDQFH RI YDULRXV
IDFWRUVIRUFKRRVLQJDURXWH7KHVXUYH\ZDVGLYLGHGLQWRWZRSDUWV,QWKHILUVWZHUHUHODWHGIDFWRUVVHOHFWHGIURP
WKHOLWHUDWXUHUHYLHZWKDWPD\LQIOXHQFHWKHFKRLFHRIURXWHV)RUHDFKUHVSRQGHQWVKRXOGDVVHVVWKHLPSRUWDQFHRQD
SRLQWVFDOHUDQJLQJIURPYHU\LPSRUWDQWFRGHGDVDQG1RW LPSRUWDQWFRGHG ,Q WKHVHFRQGSDUWRIWKH
TXHVWLRQQDLUH FRQVLVWHG RI ILYH PXOWLSOHFKRLFH TXHVWLRQV GLUHFWHG WR WKH ULGHU SURILOH DJH JHQGHU IUHTXHQF\ RI
F\FOLQJWUDYHOE\ELNHPRWLIDQGXVXDOO\SODQWKHLUURXWHV
$WWKHHQGRIWKHSHULRGWKHHTXLSPHQWVZHUHFROOHFWHGDQGWKHGDWDZHUHGRZQORDGHGWRDFRPSXWHU*36WUDFHV
ZHUH PDWFKHG WR QHWZRUN OLQNV XVLQJ 7UDQV&$'  *,6 VRIWZDUH XVHG IRU GDWD DQDO\VLV  7KH LQIRUPDWLRQ
REWDLQHGXQGHUZHQWDQLQLWLDODQDO\VLVIRUGDWDFRQVLVWHQF\DQGYHUDFLW\RIWKHURXWHVDQGILQDOO\UHVXOWHGLQPDSVIRU
HDFKELF\FOHWULSUHFRUGHGZLWKWKHLURULJLQDQGGHVWLQDWLRQSRLQWV7KHVHURXWHVZHUHWKHQDVVLJQHGWRVHJPHQWVRID
URDGZD\QHWZRUNPDSRIWKHFLW\*36GDWDLQFOXGLQJHOHYDWLRQVSHHGOHQJWKDQGWUDYHOWLPHLQWKHVHJPHQWVZHUH
MRLQHG WR WKH RWKHU OLQN DWWULEXWHV QHFHVVDU\ IRU WKLV VWXG\ URDG KLHUDUFK\ FRQGLWLRQ RI SDYHPHQW DQG F\FOLVW
LQIUDVWUXFWXUH
8VLQJ7UDQV&DGURXWLQHVWKHVKRUWHVWSDWKVDORQJWKHURDGZD\QHWZRUNZHUHFDOFXODWHGIRUHDFKREVHUYHGRULJLQ
GHVWLQDWLRQSDLU7KHH[WUDGLVWDQFHWKHF\FOLVWVWUDYHOOHGZDVGHWHUPLQHGE\HTXDWLRQ
ܧܦ ൌ ሺܣܦ െ ܵܲܦሻȀܵܲܦ
:KHUH(' H[WUDGLVWDQFHWUDYHOOHG
$' DFWXDOGLVWDQFHWUDYHOOHG
63' VKRUWHVWSDWKGLVWDQFH
5HVXOWV
&KDUDFWHULVWLFVRIWKHWULSV
7DEOHGLVSOD\VWKHGHVFULSWLYHVWDWLVWLFVIRUWKHELF\FOHWULSV'XULQJWKHVWXG\SDUWLFLSDQWVUHFRUGHGDQDYHUDJHRI
FRPPXWHUELF\FOHWULSVSHUGD\


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7DEOH'HVFULSWLYHVWDWLVWLFVIRUWKHELF\FOHWULSV
  0HDQ 6WG'HYLDWLRQ 0LQLPXP 0D[LPXP S
 $OOSDUWLFLSDQWV     
7ULSOHQJWKP 0HQ     
 :RPHQ     
 $OOSDUWLFLSDQWV     
7ULSGXUDWLRQPLQ 0HQ     
 :RPHQ     
 $OOSDUWLFLSDQWV     
7ULSVSHHGNPK 0HQ     
 :RPHQ     
6WDWLVWLFDOO\VLJQLILFDQWDWWKHOHYHO
7KHGDWD VKRZHG WKDWPHQ WUDYHO ORQJHU GLVWDQFHV WKDQZRPHQ  NPFRPSDUHG WR NPRQDYHUDJH0RVW
WULSVZHUHOHVVWKDQNPORQJDQGZHUHVKRUWHUWKDQNP)LJXUH
)LJ&XPXODWLYHIUHTXHQF\RIWULSOHQJWKV
$JUHDWSDUWRIWKHUHFRUGHGWULSVWRRNXSWRPLQXWHV)LJXUH7KHDYHUDJHGXUDWLRQRIELF\FOHWULSV
ZDVPLQXWHVVWDQGDUGGHYLDWLRQ
)LJ&XPXODWLYHIUHTXHQF\RIWULSGXUDWLRQ
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7KH DYHUDJH VSHHG IRU WKH ELF\FOH WULSVZDV  NPK VWDQGDUG GHYLDWLRQ  :RPHQ¶V WULSVZHUH VORZHU
DYHUDJLQJ  NPK FRPSDUHG WR  NPK IRU PHQ  7KH VSHHG LQ  RI WKH WULSV GLG QRW H[FHHG  NPK
$YHUDJHVSHHGVDERYHNPKZHUHREVHUYHGLQRQO\RIWKHWULSV6SHHGVORZHUWKDQNPKZHUHREVHUYHGLQ
RQO\RIWKHWULSV)LJXUH7KHVHYDOXHVDUHDFFHSWDEOHIRUWUDYHOE\ELF\FOHDQGFRPSDWLEOHWRYDOXHVIRXQGLQ
WKHOLWHUDWXUH
)LJ&XPXODWLYHIUHTXHQF\RIWULSVSHHGV
7KHGLVWULEXWLRQRIWULSVWDUWLQJWLPHVLVVKRZQLQ)LJXUH7KHUHLVQRWDQHYLGHQWSHDNSHULRGIRUWKHELF\FOH
WULSVDQGDVZRXOGEHH[SHFWHGRIWKHWULSVVWDUWHGEHWZHHQKDQGKVLQFHWKH\DUHDOOFRPPXWHUWULSV
'XHWRQLJKWFODVVHVDOPRVWRIWKHWULSVZHUHUHFRUGHGDWQLJKWDIWHUK

)LJ%LF\FOHWULSVVWDUWKRXUV
7KHSHUFHQWRIWKHWRWDOWUDYHOWKDWZDVXQGHUWDNHQRQHDFKW\SHRIURDGLVGLVSOD\HGLQ7DEOH0RUHWKDQKDOIRI
WKHOHQJWKRIFRPPXWHELF\FOHWULSVLQXQGHUWDNHQRQORFDOURDGV7KLVLVGXHWRWKHIDFWWKDWWUDYHORQORFDOURDGVLV
RIWHQQHFHVVDU\ WRHQWHU DQGH[LW WKH ORFDOQHLJKERUKRRGZKHUH WKHF\FOLVWV RULJLQRU GHVWLQDWLRQ LV ORFDWHG2QO\
RIWUDYHOZDVRQDUWHULDOURDGVWKDWWKDWZRXOGEHH[SHFWHGWRKDYHKLJKYROXPHVRIPRWRUYHKLFOHWUDIILF




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7DEOH±3HUFHQWRIWRWDOWUDYHORQHDFKW\SHRIURDG
7\SHRIURDG WUDYHO
/RFDO 
&ROOHFWRU 
$UWHULDO 
)RURIWKHWULSVWKHVKRUWHVWSDWKVZHUHORQJHUWKDQWKHREVHUYHGELF\FOHWULSLQDYHUDJHPHWHUVORQJHU
7KLVPHDQVWKDWLQWKHVHWULSVWKHF\FOLVWURGHSDUWRUDOORIWKHURXWHRQWKHZURQJZD\RQDRQHZD\VWUHHW7KLV
EHKDYLRULVRIFRXUVHDJDLQVWWKHODZDQGVRWKHVHWULSVZHUHH[FOXGHGIURPWKHIROORZLQJDQDO\VLV)RUWKHRWKHU
WULSVWKHH[WUDGLVWDQFHWUDYHOHGZDVRQDYHUDJHORQJHUWKDQWKHVKRUWHVWSDWK)LJXUH
7KHGLVWULEXWLRQRIH[WUDGLVWDQFHV WUDYHOHG LQGLFDWHV WKDWQHDUO\RI WKHF\FOLVWVFKRVHSDWKVZLWKGLVWDQFHV
WKDWDUHZLWKLQRI WKHVKRUWHVWSDWK 2QO\ IRURIWKH WULSVWKHFKRVHQSDWKH[FHHGHGWKHVKRUWHVWSDWKE\
PRUHWKDQ)LJXUH
)LJ([WUDGLVWDQFHWUDYHOHG
$WWHVWZDVXVHGWRFRPSDUHWKHPHDQVRIWKHVKRUWHVWDQGSUHIHUUHGURXWHGLVWDQFHV 7KHGLIIHUHQFHLQPHDQV
ZDVGHWHUPLQHGWREHVWDWLVWLFDOO\VLJQLILFDQWDWWKHOHYHOS 
&RPSDULQJWKHH[WUDGLVWDQFHWUDYHOOHGE\PHQDQGZRPHQUHYHDOVWKDWPHQURGHPRUHDQGZRPHQ
PRUHEXWWKHVHYDOXHVDUHQRWVWDWLVWLFDOO\GLIIHUHQWWVWDW S 
7KHVKRUWHVWDQGDFWXDOURXWHVRIWZRF\FOLVWVDUHVKRZQLQ)LJXUHDVDQH[DPSOH,QERWKFDVHVWKHF\FOLVWZDV
ZLOOLQJWRWUDYHOJUHDWHUGLVWDQFHWRXVHDSUHIHUUHGURXWH

)LJ$FWXDODQGVKRUWHVWURXWHVIRUWZRF\FOLVWV
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й
ǆƚƌĂĚŝƐƚĂŶĐĞƚƌĂǀĞůĞĚ;йͿ
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5HVXOWVRIWKHVXUYH\
%HVLGHVUHFRUGLQJWKH*36GDWDSDUWLFLSDQWVDOVRFRPSOHWHGDVXUYH\ZLWKTXHVWLRQVDERXWGHPRJUDSKLFVDQGWKH
LPSRUWDQFHRIYDULRXVIDFWRUVIRUFKRRVLQJDURXWHSUHYLRXVO\H[SODLQLQWKHVHFWLRQ0HWKRG$OWKRXJKGHWDLOHG
UHVXOWVRI WKLVVXUYH\DUHQRWGLVFXVVHGLQ WKHSDSHU7DEOHVKRZWKHLPSRUWDQFHDWWULEXWHGWRHDFKIDFWRU³9HU\
LPSRUWDQW´ WR³9HU\XQLPSRUWDQW´ 
7DEOH6FRUHVIRUWKHLPSRUWDQFHRIIDFWRUVDYHUDJHDQGVWDQGDUGGHYLDWLRQ
)DFWRU $YHUDJH 6WDQG'HY  )DFWRU $YHUDJH 6WDQG'HY
1XPEHURIWUXFNV    7\SHRISDYHPHQW  
1XPEHURIEXVHV    1XPEHURILQWHUVHFWLRQV  
7UDIILFYROXPH    7UHHV  
7UDIILFVSHHG    2QHZD\VWUHHW  
6WUHHWOLJKWLQJ    5RXQGDERXWV  
6HFXULW\    1XPEHURIVWRSVLJQV  
4XDOLW\RISDYHPHQW    1XPEHURIWUDIILFOLJKWV  
7ULSOHQJWK    3DUNLQJSHUPLWWHG  
6WUHHW:LGWK    6ORSH  

7REHWWHUH[SODLQWKHUHVHDUFKZHFKRVHWKHIDFWRUVWKDWKDYHYDOXHVJUHDWHUWKDQWKHPRVWLPSRUWDQWIDFWRUV
7KUHHJURXSVRIIDFWRUVPD\EHLGHQWLILHGZLWKLQWKHPRVW LPSRUWDQWFKDUDFWHULVWLFV2QHRIWKHPLQFOXGHVQXPEHU
RI WUXFN QXPEHU RI EXVHV WUDIILF YROXPH DQG WUDIILF VSHHG  7KH VHFRQG JURXS FRQVLVWV RI VWUHHW OLJKWLQJ DQG
VHFXULW\DQGWKHODVWJURXSFRQWDLQVRQO\RQHIDFWRUTXDOLW\RISDYHPHQW
'DWDIRUWKHIDFWRUVLQWKHILUVWJURXSFRXOGQRWEHFROOHFWHGIRUWKLVUHVHDUFKDQGVRIROORZLQJWKHZRUNRI6QL]HN
HWDO WKHIXQFWLRQDOFODVVLILFDWLRQRI WKHURDGV ORFDOFROOHFWRUDUWHULDOZDVXVHGDVSUR[\IRUFRPSRVLWLRQ
YROXPHDQGVSHHGRIWUDIILFWKDWLQIOXHQFHWKHURXWHFKRLFHE\F\FOLVWV7RFODVVLI\URDGVDVWKHLUKLHUDUFK\XVHWKH
IHDWXUHVGHVFULEHGE\5LEHLURVKRZLQ7DEOH
7DEOH+LHUDUFK\FRQGLWLRQHYDOXDWLRQFULWHULD
&KDUDFWHULVWLFV $UWHULDOVVWUHHW 3ULQFLSDOFROOHFWRUVWUHHW &ROOHFWRUVWUHHW /RFDOVWUHHW
&RQWLQXLW\1HWZRUN &RQWLQXHVQHWZRUN
,WVQRWQHFHVVDU\D
FRQWLQXHVQHWZRUN
&UHDWHDVHWRI
FRQWLQXRXVQHWZRUNV
DVVRFLDWHGZLWKHDFK
ORFDOVSDFH
6KRXOGQ¶WEH
FRQWLQXRXV
7\SHRIFRQQHFWLRQ 6WUDLJKWWRRWKHUVWUXFWXULQJURXWHV
/RFDOGLVWULEXWRUVWKH
VWUXFWXUDOQHWZRUN
$PRQJWKHPVHOYHVDQG
WKHSULQFLSDOVORFDOVWUHHW
$PRQJWKHPVHOYHV
ORFDOGLVWULEXWRUV
/RFDOWUDIILF 9HU\VKRUW 6RPH 3UHGRPLQDQWDFWLYLW\ 1RQHRQO\SXEOLFWUDQVSRUW
$FWLYLWLHVRIKHDY\JRRGV
YHKLFOHV
$SSURSULDWH
HVSHFLDOO\IRUWKH
ORQJWULSV
0LQLPDO
3URKLELWH[FHSWWKH
GHOLYHU\RIJRRGVDQG
VHUYLFLQJ
9HORFLW\ $ERYH NPK 1H[WWRNPK /RZHUWKDQ ± NPK %HWZHHQ ± NPK
3DUNLQJ 3URKLELW
$XWKRUL]HGEXWDYRLG
DUHDVQH[WWR
LQWHUVHFWLRQ
$XWKRUL]HG

7KHIDFWRUVLQWKHVHFRQGJURXSDUHUHODWHGWRSHUVRQDOVDIHW\7KHUHDUHQRUHJLRQVLQWKHFLW\RI6mR&DUORVWKDW
FRXOGEHFRQVLGHUHGXQVDIHIRUF\FOLQJH[FHSWIRUVRPHDUHDVLQWKHSHULSKHU\RIWKHFLW\ZKHUHWKHSDUWLFLSDQWVRI
WKLVVXUYH\GLGQRWJRWRVXUYH\DQGPDSSLQJWKHVHDUHDVZRXOGEHLPSUDFWLFDEOHVRWKDWZLOOEHWKHIRFXVRIIXWXUH
ZRUNWREHSHUIRUPHG7KXVWKLVIDFWRUZDVH[FOXGHGIURPDQDO\VLVZKLFKLVDOLPLWDWLRQRIWKHVWXG\
7KH ODVW IDFWRU FRQVLGHUHG DV LPSRUWDQW SDYHPHQW TXDOLW\ ZDV HYDOXDWHG DFFRUGLQJ WR WKH )+:$ +LJKZD\
3HUIRUPDQFH0RQLWRULQJ6\VWHP+3063DYHPHQW&RQGLWLRQ)DFWRUV86'27VKRZLQ7DEOH
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7DEOH3DYHPHQWFRQGLWLRQHYDOXDWLRQFULWHULD
&RQGLWLRQ 6FRUH 'HVFULSWLRQ
9HU\JRRG  2QO\QHZRUQHDUO\QHZSDYHPHQWVDUHOLNHO\WREHVPRRWKHQRXJKDQGIUHHRIFUDFNVDQGSDWFKHVWRTXDOLI\IRUWKLVFDWHJRU\
*RRG  3DYHPHQWDOWKRXJKQRWDVVPRRWKDVWKRVHGHVFULEHGDERYHJLYHVDILUVWFODVVULGHDQGH[KLELWVVLJQVRIVXUIDFHGHWHULRUDWLRQ
)DLU 
5LGLQJTXDOLWLHVDUHQRWLFHDEO\LQIHULRUWRWKRVHDERYHPD\EHEDUHO\WROHUDEOHIRUKLJKVSHHGWUDIILF
'HIHFWVPD\LQFOXGHUXWWLQJPDSFUDFNLQJWKHVXUIDFHKDVWKLQFUDFNOLQHVFRYHULQJVHFWLRQVRILWDVLILW
ZHUHDURDGPDSDQGH[WHQVLYHSDWFKLQJ
3RRU 
3DYHPHQWVKDYHGHWHULRUDWHGWRVXFKDQH[WHQWWKDWWKH\DIIHFWWKHVSHHGRIIUHHIORZWUDIILF)OH[LEOH
SDYHPHQWKDVGLVWUHVVRYHURUPRUHRIWKHVXUIDFH5LJLGSDYHPHQWGLVWUHVVLQFOXGHVMRLQ³VSDOOLQJ´
ZKHUHVHFWLRQVRIMRLQHGSDYHPHQWDUHFKLSSLQJDQGEUHDNLQJDSDUWDWWKHMRLQSDWFKLQJHWF
9HU\SRRU  3DYHPHQWVWKDWDUHLQDQH[WUHPHO\GHWHULRUDWHGFRQGLWLRQ'LVWUHVVRFFXUVRYHURUPRUHRIWKHVXUIDFH

&KDUDFWHULVWLFVRIDFWXDODQGVKRUWHVWSDWKURXWHV
7DEOHSURYLGHVWKHPHDQVRIYDULDEOHVIRUWKHFKRVHQDFWXDOURXWHDQGWKHVKRUWHVWSDWKURXWH&RPSDULVRQRI
WKHVHYDOXHVSURYLGHV WKH LQLWLDO LQVLJKW LQWR WKHDWWULEXWHV WKDWPD\DIIHFWELF\FOHFRPPXWHU URXWHFKRLFH 1RWLFH
WKDWQR URDGXVHGE\ WKHF\FOLVWV RU WKHVKRUWHVWSDWKKDGDYHU\JRRGSDYHPHQW VFRUH  7KLV LVQRW VXUSULVLQJ
EHFDXVHRQO\DIHZVWUHWFKHVRIURDGVLQWKHFLW\DWWDLQDKLJKTXDOLW\SDYHPHQW
7DEOH9DULDEOHPHDQVIRUDFWXDODQGVKRUWHVWSDWKURXWHV
 $FWXDOURXWH 6KRUWHVWSDWK WVWDWS
RIURXWHRQORFDOURDGV   
RIURXWHRQFROOHFWRUURDGV   
RIURXWHRQDUWHULDOURDGV   
RIURXWHRQSDYHPHQWTXDOLW\   
RIURXWHRQSDYHPHQWTXDOLW\   
RIURXWHRQSDYHPHQWTXDOLW\   
RIURXWHRQSDYHPHQWTXDOLW\   

7KH DEVROXWH GLIIHUHQFH LQ PRVW RI WKH YDULDEOH PHDQV LV YHU\ VPDOO HVSHFLDOO\ EHFDXVH DWWULEXWHV KDYH EHHQ
DJJUHJDWHGRYHUWKHZKROHURXWH2QO\RQYDULDEOHPHDQLVVWDWLVWLFDOO\GLIIHUHQWIRUWKHWZRURXWHVEDVHGRQDSDLUHG
WWHVWDW WKHFRQILGHQFH OHYHOSHUFHQWDJHRI URXWHRQ URDGZLWKSDYHPHQWTXDOLW\ &RPSDULQJ WKH IDFLOLWLHV
XVHG IRU WKH REVHUYHG WULSV WR WKH VKRUWHVW SDWKV GRHV QRW UHYHDO DQ\ SUHIHUHQFHV LQ IDFLOLW\ W\SH  7KH DSSDUHQW
SUHIHUHQFHIRUDUWHULDODQGFROOHFWRUURDGVLVQRWVWDWLVWLFDOO\VLJQLILFDQWFRPSDUHGZLWKWKHVKRUWHVWURXWH
(YHQWKRXJKWKHYDULDEOHVLQ7DEOHGRQRWVKRZVLJQLILFDQWGLIIHUHQFHVEHWZHHQWKHVKRUWHVWDQGDFWXDOURXWHLW
LVQHFHVVDU\WRFRQVLGHUWKDWQRWDOOYDULDEOHVFRXOGEHSURSHUO\FRQVLGHUHGLQWKLVUHVHDUFK7KHUHDUHRWKHUYDULDEOHV
WKDWPLJKWEHH[SHFWHGWRDIIHFWF\FOLVW URXWHFKRLFHEXWFRXOGQRWEHFRQVLGHUHGEHFDXVHWKH\ZHUHQRWLQWKHGDWD
EDVHOLNHODQHZLGWKQXPEHURILQWHUVHFWLRQVDQGSDUNLQJ
)XUWKHU PRUHWKH VKRUWHVW SDWK LV RQO\ RQH RI D YHU\ ODUJH QXPEHU RI DOWHUQDWLYH URXWHV DYDLODEOH:LWKLQ D
WUDGLWLRQDOJULGVWUHHWV\VWHPWKHUHDUHRIWHQQXPHURXVSDWKVWKDWDUHHVVHQWLDOO\WKHVDPHGLVWDQFHHDFKRIZKLFKLV
OLNHO\WRKDYHGLIIHUHQWFKDUDFWHULVWLFV0XFKRIWKHVWUHHWQHWZRUNLQ6mR&DUORVIROORZVDVWDQGDUGJULGWKDWDOORZV
F\FOLVWVWRWUDYHOQXPHURXVURXWHVWKDWDUHHVVHQWLDOO\WKHVDPHOHQJWK3UREDEO\ZKHQF\FOLVWVDUHWUDYHOLQJZLWKLQ
WKHJULGQHWZRUNWKH\FKRRVHDGHVLUDEOHURXWHZLWKWKHLUSUHIHUUHGDWWULEXWHVZLWKRXWDGGLQJDQ\DGGLWLRQDOGLVWDQFH
WRWKHLUURXWH
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&RQFOXVLRQV
7KH REMHFWLYH RI WKH UHVHDUFK GHVFULEHG LQ WKLV SDSHU ZDV WR HYDOXDWH WKH LPSRUWDQFH RI DWWULEXWHV LQIOXHQFLQJ
ELF\FOLVWV¶URXWHFKRLFHSUHIHUHQFHV2QHRIWKHPRWLYDWLRQVIRUWKLVUHVHDUFKZDVWRVWXG\WKHURXWHFKRLFHRIFXUUHQW
FRPPXWHUF\FOLVWV WRGHWHUPLQHZKDWW\SHVRISROLFLHVDQGLQIUDVWUXFWXUHSURJUDPVPLJKWHQFRXUDJHWKHXVHRIWKH
ELF\FOHIRUXWLOLWDULDQWULSV
,Q RUGHU WR DFFRPSOLVK WKLV REMHFWLYH WKH DFWXDO URXWHV XVHG E\ F\FOLVWV ZHUH FRPSDUHGZLWK WKH VKRUWHVWSDWK
URXWHVE\PHDQVRIWKHH[WUDGLVWDQFHWUDYHOOHG'DWDDERXWWKHDFWXDOURXWHVZHUHFROOHFWHGE\*36UHFHLYHUVDQG
WKHVKRUWHVWSDWKVZHUHFDOFXODWHGZLWKD*HRJUDSKLF,QIRUPDWLRQ6\VWHP*,6
7KHDYHUDJHWULS OHQJWKZDVNPDYHUDJHWULSGXUDWLRQZDVPLQXWHVDQGDYHUDJHVSHHGZDVNPK
2EVHUYHG SDWKV ZHUH RQ DYHUDJH  ORQJHU WKDQ WKH VKRUWHVW SDWK 7KHVH YDOXHV DUH DFFHSWDEOH IRU WUDYHO E\
ELF\FOHDQGFRPSDWLEOHZLWKWKHYDOXHVIRXQGLQWKHOLWHUDWXUHIRUH[DPSOHWKHYDOXHVIRXQGE\',//
$OWKRXJK FRPSDULVRQV EHWZHHQ WKH VKRUWHVW DQG DFWXDO URXWHVPD\ SURYLGH VRPH LQIRUPDWLRQ DERXW WKH WUDYHO
EHKDYLRU RI ELF\FOH FRPPXWHUV WKHUH DUH VRPH DVVXPSWLRQV LQ WKH SURFHGXUH WKDW OLPLW WKH DELOLW\ WR PDNH
FRQFOXVLRQVIURPWKHUHVXOWV)LUVWLWLVDVVXPHGWKDWF\FOLVWVFRPSOHWHO\NQRZWKHDWWULEXWHVRIHDFKURXWH&\FOLVWV
DUHQRWDOZD\VDZDUHRIWKHVKRUWHVWQHWZRUNSDWKDYDLODEOHWRWKHPDQGLQPDQ\FDVHVLWLVGLIILFXOWWRGHWHUPLQHWKH
VKRUWHVWQHWZRUNSDWKEHWZHHQDJLYHQRULJLQDQGDGHVWLQDWLRQ6HFRQGLQIRUPDWLRQRQURXWHVQRWFKRVHQLVQHHGHG
WR LQGLFDWHZKHWKHU WKHF\FOLVWVDUHFKRRVLQJD URXWHEHFDXVH WKH\ OLNH LWV FKDUDFWHULVWLFVRUZKHWKHU WKH\KDYHQR
RWKHUUHDVRQDEOHFKRLFH
$OVR WKH ELF\FOLVWV SDUWLFLSDWLQJ LQ WKLV VWXG\GRQRW UHSUHVHQW DOO ELF\FOLVWV 7KH VDPSOH FRQVLVWHGRI F\FOLVWV
IURPRQO\RQH%UD]LOLDQPHGLXPVL]HGFLW\ZKLFKZLWKDORZELF\FOHPRGDOVKDUH 0RUHRYHUSDUWLFLSDWLRQLQ WKH
VXUYH\ZDVYROXQWDU\DQGWKHUHIRUHWKHREWDLQHGVDPSOHLVQRWUDQGRP'LIIHUHQWUHVXOWVFRXOGSRVVLEO\EHREWDLQHG
ZLWKODUJHUVDPSOHVDQGLQRWKHUFRQWH[WV
$FNQRZOHGJHPHQWV
7KLVZRUNZDVIXQGHGE\WKH5HVHDUFK)RXQGDWLRQRIWKH6WDWHRI6mR3DXOR)$3(637KHRSLQLRQVH[SUHVVHG
LQWKLVSDSHUDUHQRWQHFHVVDULO\HQGRUVHGE\WKLVHQWLW\

5HIHUHQFHV
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+DOO)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$QDO\VLVRI%LF\FOH&RPPXWHU5RXWHV8VLQJ*HRJUDSKLF ,QIRUPDWLRQ6\VWHPV  ,PSOLFDWLRQV IRU
%LF\FOH3ODQQLQJ7UDQVSRUWDWLRQ5HVHDUFK5HFRUGS
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:KHUHGRF\FOLVWVULGH"$URXWHFKRLFHPRGHOGHYHORSHGZLWKUHYHDOHGSUHIHUHQFH*36GDWD7UDQVSRUWDWLRQ
5HVHDUFK3DUW$Sˀ
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1RXU$5HZD.+LOO-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0HHWLQJ
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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$QQXDO0HHWLQJ
'LOO-%LF\FOLQJIRU7UDQVSRUWDWLRQDQG+HDOWK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8QGHUVWDQGLQJDQG0HDVXULQJ%LF\FOLQJ%HKDYLRU$)RFXVRQ7UDYHO7LPHDQG5RXWH&KRLFH)LQDO5HSRUW&HQWHU
IRU7UDQVSRUWDWLRQ6WXGLHV3RUWODQG6WDWH8QLYHUVLW\
(O*HQHLG\$.UL]HN. ,DFRQR0 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3UHGLFWLQJELF\FOH WUDYHO VSHHGV DORQJ GLIIHUHQW IDFLOLWLHVXVLQJ*36GDWD D SURRI RI FRQFHSW
PRGHO75%$QQXDO0HHWLQJ
+DUYH\).UL]HN.&ROOLQV58VLQJ*36'DWDWR$VVHVV%LF\FOH&RPPXWHU5RXWH&KRLFH75%$QQXDO0HHWLQJ
+RRG - 6DOO ( &KDUWRQ % $*36EDVHG %LF\FOH5RXWH &KRLFH0RGHO IRU 6DQ )UDQFLVFR &DOLIRUQLD7UDQVSRUWDWLRQ /HWWHUV WKH
,QWHUQDWLRQDO-RXUQDORI7UDQVSRUWDWLRQ5HVHDUFK9ROS
+RZDUG & %XUQV (  &\FOLQJ WR:RUN LQ 3KRHQL[ 5RXWH &KRLFH 7UDYHO %HKDYLRU DQG &RPPXWHU &KDUDFWHULVWLFV7UDQVSRUWDWLRQ
5HVHDUFK5HFRUGS
+XGVRQ - 'XWKLH - 5DWKRG < /DUVHQ . 0H\HU - 8VLQJ 6PDUWSKRQHV WR &ROOHFW %LF\FOH 7UDYHO 'DWD LQ 7H[DV  8QLYHUVLW\
7UDQVSRUWDWLRQ&HQWHUIRU0RELOLW\7H[DV7UDQVSRUWDWLRQ,QVWLWXWH87&03URMHFW
+\RGR 7 6X]XNL 1 7DNDKDVKL . 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 0RGHOLQJ RI %LF\FOH 5RXWH DQG 'HVWLQDWLRQ &KRLFH %HKDYLRU IRU %LF\FOH 5RDG 1HWZRUN
3ODQ7UDQVSRUWDWLRQ5HVHDUFK5HFRUGS
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